Introduction
Over the last decade, studies on social insect biology have reached new levels of sophistication, leading the field to remarkable advances in our understanding of the evolution and organisation of insect societies. New developments were made in multiple directions, including chemical ecology, evolutionary ecology, behaviour, population genetics, genomics, neurophysiology, cellular biology, or even clinical biology and forensics. Above all, the emergence of molecular biology propelled the study of social insects towards new horizons. Social insects have also become model organisms for testing conceptual paradigms such as inclusive fitness theory, self-organisation or disease resistance, on both theoretical and empirical grounds. The extremely quick pace at which new knowledge is acquired justifies organising syntheses on a regular basis.
The International Union for the Study of Social Insects (IUSSI) was founded in the 1950s. First organised in Paris in 1952, the quadrennial World Congresses are the Union's main activity, favouring bonds among participating biologists. They bring together researchers from all scientific fields and represent a unique opportunity to gain understanding of the prevailing issues in social insect biology. This year, the 16th World Congress of the International Union for the Study of Social Insects was organised in Copenhagen (Denmark), hosted by the Northwest European Section of the IUSSI. The conference was organised by the Center for Social Evolution (CSE) from the University of Copenhagen, under the direction of Jacobus J. (Koos) Boomsma. During the recent years, the CSE has been one of the driving forces to establish new frontiers in social insects' ecology and evolution. The local committee made a remarkable job to provide the participants with the best working and social conditions.
Held from 8 to 14 August 2010, the meeting welcomed more than 750 delegates from 43 countries, with a very strong students' participation: ca. 40% of attendees were graduate students and postdocs. It included 8 plenary lectures, 28 regular symposia and 2 open symposia covering all scientific fields devoted to the study of social interactions, with 56 invited talks, 164 contributed talks and more than 400 posters. Several presentations showed the strength of collaborative research across disciplines, by incorporating molecular, ecological, physiological and behavioural approaches. A major focus of the conference concerned the spectacular advances in genomics, including the numerous completed genome-sequencing projects, which have stimulated exciting research programmes to attempt a comprehensive understanding of the genetic and ecological mechanisms that drive selection and adaptation at a genome-wide scale. Through the direct investigation S. Aron (&) Evolutionary Biology and Ecology, Université Libre de Bruxelles (ULB), CP 160/12, Avenue FD Roosevelt 50, 1050 Brussels, Belgium e-mail: saron@ulb.ac.be of the relationship between phenotypic and genetic variations, this new area will soon help deciphering the molecular bases of social behaviour. Obviously, it opens a new and bright future for the field.
Recent developments in social insect biology: bringing together ecology, behaviour, genetics and evolution
The keynote lecture illustrated the role of juvenile hormone (JH) on the regulation of behavioural plasticity and division of labour in social insects. Gene Robinson (University of Illinois at Urbana-Champaign, USA) highlighted the past, present and future of JH. He showed how the research on JH has moved from the first elucidation of early foraging and division of labour in honeybees, to a more holistic understanding of behavioural maturation. Gene Robinson illustrated the prime function of JH/Insulin networks as major players in division of labour. He insisted on the close connection between JH, insulin signalling and nutrition, and the role of JH in the regulation of gene expression in the brain. But he also underlined grey areas in our knowledge of the mechanisms driving division of labour. For example, the JH receptors and the molecular pathways in the brain still remain unknown. Moreover, the networks regulating transcription of hormone in the brain are of great complexity, and efforts to use and develop transgenic technology for testing gene function in honeybees and other social insects are urgent. These challenges herald a new era in the research on social insects biology and will no doubt bring deep insights in our understanding of the evolution of eusociality on the whole.
The Organising Committee also decided to highlight emerging themes in social insect biology by inviting leading scientists to give plenary lectures. (I) In a remarkably thorough presentation, Andrew Bourke (University of East Anglia, UK) explored social evolution and spatial ecology in bumble bees. He described the selective basis of within-colony conflicts, through the study of workerqueen and worker-worker conflicts over male parentage. By combining genetics, behaviour and ecology, he showed how a significant proportion of worker-produced males develops from reproductive 'drifter' workers. His works give strong support to the hypotheses (i) that drifter reproduction is an adaptive trait in bumble bees and (ii) that worker policing may have originated as defence against intraspecific social parasitism by workers. (II) In an inspiring talk, Hanna Kokko (University of Helsinki, Finland) illustrated how demographic variations and ecological constraints shape the evolution of behavioural strategies. By using a population versus individual level selection approach, she showed how ecology and demography influence dispersal strategies, competition for breeding sites and mate choice. Kokko demonstrated the impact of population growth on competition between same sex individuals and its consequences on dominance/subordinate social hierarchies in birds. She also exemplified in the molly fish how a parasitic species can sometimes benefit from a high local extinction rate. She stressed conservation biologists to recognise that individuals do not behave in species-beneficial ways. (III) Christina Grozinger (Pennsylvania State University, USA) outlined recent progresses on pheromone signalling at the molecular level and its effects on individual behaviour and colony organisation in honeybees. She described how detection of a chemical signal alters individual behaviour and physiology and how flexible the system is. Examples were based on queen-worker and worker-worker communication systems. First, she showed that queen pheromone production is linked to ovary activation and insemination volume. She illustrated how queens signal their reproductive status to workers, causing changes in worker behaviour, physiology and brain gene expression. Second, Christina Grozinger demonstrated how chemical communication among workers is modulated by the social context and the workers' physiological state, and its potential impact on recognition and disease resistance. These works open new promising avenues for future research on the molecular mechanisms underlying the evolution of pheromonal communication in social insects and, more generally, on the regulation of social behaviour. (IV) Deborah Gordon (Stanford University, USA) presented a complete and comprehensive overview of a 25-year study on interaction networks, foraging ecology and collective behaviour in the harvester ant Pogonomyrmex barbatus. She described how interactions among individuals regulate a colony's response to changing environment. Foraging in P. barbatus is stimulated by encounters of foragers with patrollers returning to the nest. Patrollers are recognised on the basis of their cuticular profile; their rate of return is a measure of food availability and is closely associated with the rate of foragers leaving the nest. How many of them leave the nest is, however, not proportionally associated with colony size because of idiosyncratic differences among colonies in their foraging strategies. Ants switch tasks from one day to the next in response to changing ecological conditions, but task switching is more consistent in large colonies. Importantly, colonies face a trade-off between staying in the nest to avoid water loss and patrolling territories to maintain foraging areas against conspecific competitors. Between-colony variations in foraging strategies probably determine the evolutionary processes involved in regulation of collective foraging. (V) Using pathogenic bacteria, slime moulds and budding yeast as model systems, Kevin Foster (Harvard University, USA) illustrated the role of kin selection and social environment on the evolution of cooperative behaviours in microbes. He showed how cooperation in microbes depends on several factors, including the amount of nutrient, the active layer width and relatedness among cells. Relatedness is decisive: its rise results in a dramatic increase in cell group size. He also demonstrated the key influence of spatial structure of cell groups on local cooperation. Interestingly, Kevin Foster emphasised that the evolution of cooperative traits can be stabilised in at least two different ways: (i) pleiotropic genes may link cooperation to a selfish benefit and (ii) prudent regulation may promote cells to cooperate only when it costs them little to do so. (VI) In a fascinating and amazingly illustrated lecture, Ian Couzin (Princeton University, USA) highlighted how interactions among individuals can result in complex, elaborated patterns at the collective scale. He used an integrated experimental and theoretical approach involving both insects and vertebrates to show how and why animals coordinate behaviour while moving. Couzin demonstrated that transfer of information among individuals with very local sensing abilities can result in high-order computational abilities at the group level. Transfer of information was rooted in visual communication. He showed how parameters such as moving speed and orientation of each individual in a group depend on the same parameters in their neighbours. Moreover, in most cases, individuals at the back of the group are the most sensitive to speed and orientation changes, and they deeply influence these factors on the whole group. By copying or not informed individuals, the large majority of (uninformed) group members have a critical role in effective consensus decision-making on spatial dynamics. (VII) Finally, Kenji Matsuura (Okayama University, Japan) presented recent progresses on reproductive biology, caste differentiation and evolution of egg mimicry in termites. He showed that queens of Reticulitermes speratus use thelytokous parthenogenesis to produce secondary queens. This allows queens to increase their reproductive output, while retaining the transmission rate of their genes to descendants and maintaining genetic diversity in the workers and new reproductives. In the same species, female neotenics (secondary queens) produce a volatile inhibitory pheromone that suppresses the differentiation of new female neotenics. The active components of the pheromone are n-butyl-n-butyrate and 2-methyl-1-butanol. The same two volatiles are also emitted by eggs, where they play a role both as an attractant to workers and an inhibitor of reproductive differentiation. Matsuura depicted how sclerotia of the Athelioid fungi Fibularhizoctonia sp. (i.e., 'termite-balls') mimic termite eggs chemically by producing b-glucosidase, an enzyme that is a major salivary compound in termites and that is also produced by termites eggs. b-glucosidase is used for cellulose digestion and for egg recognition by termites, and termite balls are tended as long as they produce the enzyme.
Symposia, chats and debates
The 28 regular symposia covered all fields of social insect biology. Topics included invasion biology, spatial and temporal patterns of communities, inter-specific multipartite interactions, feeding biology, breeding systems, kin structure variation, communication, self-organisation, social evolution, phylogenetics, ageing and lifespan, the evolution of morphological novelties, genomics, genes/environment interactions, levels of selection, neurophysiology, neuroethology, immunity, insect-microbe co-evolution, hostparasite interactions, social parasitism, etc.
In conjunction with the meeting, five round-table discussion sessions were held by leader scientists and allowed ample opportunity for debate and dialogue on specific themes. Themes discussed by the participants focused on (1) the conceptual interrelationship of ultimate and proximate approaches to the study of insect sociality (R. Gadagkar, Indian Institute of Science, India), (2) the systems approach to the organisation of social insect colonies (A. SendovaFranks, University of Western England, UK), (3) the ant genomics (T. Linksvayer, University of Copenhagen, Denmark; J. Gadau, Arizona State University, USA; C. Smith, Earlham College, USA), (4) the causes of honeybee colony losses and pollinator decline (J. Evans, USDA-ARS, USA), and (5) the challenges of honeybee transgenic technology (G. V. Amdam, Arizona State University, USA; G. E. Robinson, University of Illinois at Urbana-Champaign, USA). The organising team also provided the opportunity for students and postdocs to take appointments for lunch with plenary speakers and other leader scientists in social insect biology. These so-called ''queen-worker interactions'' allowed informal discussions with senior scientists to share advices on research projects, on how to achieve a successful career and/or on the chances of securing a permanent employment.
Hamilton Award and the Royal Society Student Poster Prize
During the conference, the Hamilton Award 2010 was presented to Charles D. Michener. The award consists of an engraved glass ornament in the shape of a book and US $1,000. Professor Michener was unable to attend the Congress to collect the award in person. But he sent a message to acknowledge the IUSSI for this award and to inform delegates of his decision to donate the prize money to the Kansas Entomological Society. Charles D. Michener is widely recognised as an authority in the bee world. He devoted his career to the understanding of bee social behaviour and systematics. Michener's work on social evolution in the sweat bees (Halictidae), more particularly the concepts regarding the paths from solitary to highly social life, largely contributed to the development of sociobiology. His works led to the publication of more than 400 papers and several highly influential books. In 1977, he began his term as the President of the International Union for the Study of Social Insects and organised the 9th International Congress of the IUSSI in 1982 at Boulder, CO, USA. During his long career at the University of Kansas, Professor Michener has trained an impressive number of bee biologists (over 80 MSc and PhD students), some of them attended the IUSSI2010 meeting. As stated by the IUSSI Secretary General, Joan Herbers (The Ohio State University, USA): 'Few scientists have had the influence on our field as has Charles Michener, and we are honoured to bestow this recognition on him'.
The first Hamilton Award was given to Professor Ross Crozier during the 15th World Congress of the IUSSI2006 that was held in Washington, DC. Professor Crozier was a major figure of the Union, a former IUSSI President and a present Congress Program Committee member. Ross Crozier unexpectedly passed away in November 2009. Pekka Pamilo (University of Helsinki, Finland) commemorated his life and achievements in evolutionary biology. For all those who knew Ross, this was a very moving moment. Besides being an outstanding scientist, Ross Crozier was a friend, a supervisor and a mentor to many and has inspired a lot of research around him.
The Royal Society sponsored a prize for the best student poster in each of the two poster sessions at IUSSI2010. A committee led by Mark Brown (Royal Holloway, University of London, UK) and Nathan Sanders (The University of Tennessee, USA) judged student posters based on the quality of the presentation and the quality of the science. The first poster prize was given to Brenda Rascòn (Norvegian University of Life Sciences, Norway) for her work on how life-extending therapeutic affects life span, sensory sensitivity and food consumption in the honey bee. The second prize was awarded to Kieran Samuk (University of British Columbia, Canada) for the origin of alloparental care in social cobweb spiders.
A new IUSSI Constitution
An important achievement of the Congress was the adoption of the new IUSSI Constitution, which formalises many natural developments that have changed the business of the Union over the years. The new constitution was moulded by the President J. J. Boomsma and the Secretary General Joan Herbers. It can be viewed or downloaded from the IUSSI web site at http://www.iussi.org.
Conclusion
The meeting was enjoyable in its diversity, and much credit should go to the local organising committee. With increased attendance by scientists from around the world, it was marked by a sense of excitement at the potential of future research and collaboration. It is clear that further surprising and fascinating insights into the biology of social insects can be expected from the community and that we can look forward to the future conferences of the society. The next World Congress will take place in mid-July 2014 in Cairns, Australia, under the supervision of the new IUSSI President, Professor Ben Oldroyd (University of Sydney, Australia). People interested in learning more about the 17th World Congress of the International Union for the Study of Social Insects should visit the IUSSI website at http://www.iussi. org/meetings.html.
